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Abstract: The smart street light (SSL) system is an emerging technology in which a street light is equipped with
an advanced control system for dimming and turning the light on or off. SSL also improves the maintenance work by
providing an enhanced inventory, which includes Global Positioning System (GPS) coordinates that can be retrieved from
a GPS-enabled SSL. However, GPS coordinates may be inaccurate due to human error and GPS inaccuracy. This work
proposes new algorithms for identifying human error and GPS inaccuracy in SSL installation by using distance analysis
and the solving point-in-polygon method. The algorithms are important for inventory and maintenance purposes. Faulty
light poles can be easily detected using the proposed algorithms. Results prove that the algorithms successfully detect
street light GPS inaccuracy and swapping of street light controllers and promptly check the out-of-area condition.
Key words: Smart street light, street lighting, GPS data, light pole inventory

1. Introductıon
Street lights are important devices that light up streets during darkness hours. The entire world has more than
317 million street lights, of which less than 5% are smart ones [1]. Street lights help enhance the safety at night
for pedestrians and road drivers and provide security by reducing the crime rate [2, 3]. Proper maintenance of
street lights is crucial to ensure that the target areas are properly illuminated. For example, health monitoring
of a light pole is useful to prevent it from collapse [4].
Street lights are usually a stand-alone system with basic on/off control via a timer or light-dependent
resistor (LDR) without automatic monitoring in case of faults. Utility companies and municipal councils usually
depend on public report for any faulty street light before dispatching the maintenance team to the reported
location. The number of complaints can be regarded as the performance of utilities or municipals. For example,
the Municipal of Majlis Bandaraya Shah Alam (MBSA), Selangor, Malaysia uses reduction in the number
of complaints on street light problems as one of the key performance indicators in MBSA 2016–2020 Strategic
Plan1 . After receiving complaints, a technician or maintenance team will be dispatched to the reported location.
However, problems in finding the reported street light might occur at certain times. The issues might be due to
changes in the road name, a mistake in inventory recording, hidden street light pole label by a tree or car, and
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faded painting of the pole number label. These situations lead to the late restoration of street lights. For the
MBSA case, the dependency on public report does not help in achieving the key performance index for street
light complaints. Hence, a smart street light (SSL) pole that can communicate with a management centre is
needed to improve the maintenance work.
The SSL system enables utilities to monitor lamp status and control street lights remotely; if a fault
occurs, a technician can be dispatched to the site before a report is filed by users. Global Positioning System
(GPS) coordinates can be used to locate the problematic street light easily by using a navigation mobile
application and to accelerate the restoration work. The introduction of the SSL system enables proactive
maintenance and restoration works instead of passively waiting for complaints from public. The maintenance
costs associated with detecting faulty street lights will also be reduced drastically, given that the fault can
be detected using the SSL system. In addition, the GPS module in the street light controller provides GPS
coordinates to improve the timing to switch street lights (sunrise or sunset) [5, 6]. These small improvements
will lead to significant effects on the whole world, such as energy savings and reduction in CO 2 emissions.
To maintain street lights properly, correct GPS coordinates obtained from the GPS module should be
documented during installation and commissioning. The GPS coordinates can be used by the maintenance
team to locate a street light rapidly when a fault occurs. The SSL installation work involves site work, in
which luminaires and street light controller are mounted on a street light pole. Then, the person in charge at
the oﬀice will check and confirm the registration of the SSL node in the system database, which includes the
street light pole coordinate from the GPS module. Bulk installation and commissioning, however, are prone to
human error and inaccuracy of GPS coordinates. Errors during the bulk commissioning work, which lead to an
incorrect GPS data inventory, include three types: 1) street light controller installed at wrong area; 2) street
light controller installed at the correct area but wrong pole; 3) GPS reading incorrectly pointed to the location
due to human error or GPS inaccuracy. The GPS error may be caused by multipath error but can be overcome
with a fast verification method.
Hence, the objective of this study is to develop an algorithm for rapid verification of GPS coordinates,
which will benefit municipal councils and utilities in diminishing errors during bulk installation and commissioning of a GPS-enabled SSL. The focus will be on the inventory attribute, which is the location of street
lights; it is useful for locating the street light for repair and maintenance works. This research also solves the
problem of inaccurate GPS data collected from street lights. GPS is known for its data accuracy problem; thus,
this research will introduce a verification step to verify a street light coordinate rapidly by using a geometric
method.
The contributions of this paper are listed below:
• The SSL detection algorithm is proposed to define the placement for street light location accurately on
the basis of GPS coordinates, which is useful for repair and maintenance works.
• An algorithm for detecting swapped location of SSL is proposed to overcome any human error during
street light controller installation.
• An algorithm to detect out of area is proposed for the SSL planning stage before starting the installation
work.
• A real-life experiment is conducted on-site at Universiti Tenaga Nasional (UNITEN), Putrajaya Campus,
Malaysia by utilizing Google Maps and GPS data.
846
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The rest of this paper is organized as follows: Section 2 reviews the current technologies and literature
on SSL and the approach used for street light inventory and GPS accuracy verification. Section 3 explains the
methodology used for this project, and Section 4 discusses the results. Lastly, Section 5 concludes the paper.
2. Literature review
An SSL system typically consists of a central and control database, a communication system, and street lights.
Street lights are attached to a street light controller and sensors. The controller communicates with the central
control containing the database and status of each street light via chosen communication channel. The operator
can manually control the street lights by using desktop software or through a website. Numerous techniques are
developed for street light control with the intention to save energy and increase the lifetime of light-emitting
diode (LED) luminaires [7]. Research has focused on sensing and dimming or switching on or off street lights
depending on light detection by using LDR [8], movement detection [9], traﬀic flow [5], vehicle positioning
[10], environment condition [11], and astronomical time by reading GPS coordinates [6]. These works have
introduced either a graphical user interface (GUI) or web-based system. However, they did not focus on the
inventory part; in certain cases, GPS coordinates are determined manually, which is time consuming. In [6],
the work was on the design and construction of an automatic light control system with a microcontroller that
calculated and automatically detected the geographical area from the GPS data to ensure a precise on/off mode
of the lighting system. The proposed system was tested in the distribution system of Novo Selo, Vidin, Bulgaria
with web-based software and GPS mapping.
Managing street lights is important to reduce the wastage of energy and resources. The work by Rahbari
and Nickray [12] proposed energy-eﬀicient scheduling which can allocate resources appropriately on the basis of
energy consumptions in a fog network by using a greedy knapsack-based scheduling algorithm for Internet of
Things (IoT) applications. It is useful to be applied in various IoT devices, vehicles and street lights in smart
cities. An IoT-enabled street light management system was proposed in [13] by using LED lights with LDR to
enable intensity variation. The work utilized a programmed Arduino Nano board with a temperature humidity
sensor to provide required light intensity at various times in accordance with surrounding weather. The system
prototype was connected in an application with central control via cloud. Another work by Nagamani et al. [14]
proposed an SSL management system using IoT to avoid energy wastage and reduce road accidents. The study
was performed in India by using Arduino Uno R3 with a wireless module, an IR sensor to detect objects and
adjust light brightness automatically, a humidity sensor to adjust light in accordance with weather, a CCTV
with a panic button for crime detection and a dimmer circuit for energy eﬀiciency.
A study on the reliability of scaling smart street configurations was performed in [15]. The authors
conducted experiments on 5000 street lights and considered architectural configurations. The identification of
actions is necessary to reduce or mitigate faults to preserve mission time and recognize critical components
for inventory stock. Identifying street light locations is also another issue to facilitate the maintenance and
restoration work. The identification of street light poles for intelligent transportation systems is challenging due
to complex road scenes. This challenge was studied in 2017 by Nahr et al. [16] by using mobile laser scanners
to acquire 3D geospatial data of roadways via LiDAR for mapping data. The mapped data were preprocessed
to reduce the data density by using set buffer and ground removal. Then, the points were grouped through a
3D connected component analysis, followed by the generation of local geometric features to acquire street light
pole features, and a 5D Gaussian function was estimated. The Bhattacharyya distance was used to discriminate
the 5D Gaussian function to determine the distance amongst poles. The algorithm was reported to reach 80%
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accuracy. In the following year, Krylov et al. [17] suggested a method for automatic discovery and geotagging
from Google Street View (GSV) images to overcome the time-consuming manual survey. Whilst the work was
on traﬀic light and telegraph, it could also be applied to street lighting pole. Compared with the work in Nahr
et al. [16], the automatic discovery by using GSV images eliminated the time-consuming survey of LiDAR. GPS
coordinates were calculated via the triangulation of view ray from the camera position of GSV. The disadvantage
of this technique is the likelihood that some places might not be lined by GSV.
Given that GPS coordinates can be used for inventory and astronomical clock, having such a module at
every SSL controller is considered a practical approach. A system with a GPS module can refresh the GPS
coordinate if necessary by sending a command from the control centre. Nevertheless, the GPS module itself has
its own problem in terms of accuracy due to multipath loss, satellite network and atmospheric conditions. Works
on improving GPS accuracy, such as by using differential GPS [18], assisted GPS [19, 20], Kalman filter [21, 22],
and precise point positioning technique [23], are ongoing. However, the focus of these works is not on improving
the accuracy at the device or system level but on improving available GPS data and performing postprocessing
by using a geometrical method. Distance analysis and point in polygon (PIP) are used to check for GPS data
error and installation at wrong location. To the best of our knowledge, no work has been conducted on the
postprocessing of street light GPS data for inventory and maintenance purposes. Whilst other related works
exist on a postprocessing technique that can achieve the objective of this work, they are either complex solutions
or time consuming. A related technique that can be used is the map-matching algorithm [24]. The goal is to
match the estimated GPS location of a point to the nearest node or shape. This technique is extensively used
in vehicle navigation, in which the estimated location of a vehicle is matched to the road topology and intended
for correction. Nonetheless, the method does not solve the case of wrong pole installation. It is also complex
compared with the geometrical method proposed in this project.
3. Methodology
The aim of this work is to facilitate rapid verification after commissioning every batch of GPS-enabled SSL. It
is to detect and rectify the problems of installation out of area, switched street lights and GPS data inaccuracy.
Early error detection will enable an immediate correction work, such as editing the database or sending a
command to the street light controller to refresh and reread the GPS coordinate. Error detection of street light
GPS coordinate is performed by utilizing street light topology, with the following bases:
1. The same type of street light is installed in a consistent distance apart from the adjacent street light.
2. The street light is labelled in the inventory with present area, street name and pole number.
3. The street light number counts up starting from one end to the other end of the road.
The process flow of the street light placement algorithm is illustrated in Figure 1, with four main stages.
Details on each stage are elaborated in the following subsections.

Figure 1. Process flow of street light placement algorithm.

848

ISHAK et al./Turk J Elec Eng & Comp Sci

3.1. Establishing GPS database
The collection of street light GPS data is conducted in UNITEN, Putrajaya Campus, Malaysia to acquire
coordinate data based on a real street light topology. The survey involves five main roads: Jalan Murni (JM),
Jalan Wawasan (JW), Persiaran Cendekiawan (PC), Persiaran Madani, and Persiaran Universiti (PU).
3.1.1. Data collection method
The data collection is conducted using a manual survey method by a two-person team: to obtain the coordinate
and to record the data. This work focuses on street light GPS location and pole type for the specified road.
Two types of street light poles exist in UNITEN, namely, higher and shorter poles. The GPS coordinate with
its latitude and longitude is measured using the degree–minute–second (DMS) format instead of decimal degree
(DD) to avoid data entry errors. During the survey, only one reading per street light is taken because precision
and accuracy during measurement are not the main focus. The accuracy of the street light is detected using
the algorithm developed in this work. This detection is also to imitate the possibility of error by using a
GPS-enabled SSL, in which the data can be used for the detection of GPS reading inaccuracy.
3.1.2. Data recording
In real SSL installation and commissioning processes, GPS data can be directly obtained by exporting location
data to a comma-separated value (CSV) format from the export function of a street light-monitoring web or
GUI. In this work, GPS data are recorded manually into a spreadsheet table with five attributes: pole number,
pole type, street name, latitude, and longitude (in DMS format). The pole number is stored in the following
format: <Road Short Code> <H/L > < 2-digit Pole number>. The road short code is the acronym of the road
name. The H/L code differentiates between high and low poles. Pole numbering starts from 01 and increases
until the last pole at a particular road. For example, JML01 refers to the first low pole street light at JM,
UNITEN. The spreadsheet in CSV format is used in Google Maps.
3.1.3. Mapping to Google Maps
The purpose of mapping to Google Maps is to obtain visual information from maps. In real practice, maps are
usually available as part of an SSL-monitoring system. Google Maps is a web-based service providing detailed
geographical information of regions and sites worldwide. It allows users to mark a GPS location by uploading
coordinate files. Figure 2 shows the UNITEN street light topology in Google Maps based on GPS coordinates
from the CSV file. However, verification by using Google Maps is unfeasible for a real large-scale implementation
due to the large number of roads and street lights. For this work, Google Maps is used for simulation validation
purposes. The reference point can be defined intuitively from the map topology.
3.2. GPS data analysis
The GPS data from the record in DMS format are converted into DD for distance calculation between two GPS
coordinates. The DMS system follows the conventional degrees ( ◦ ), minutes (’) and seconds (”), in which 1 ◦
equals to 60 min or 3600 s. Equation 1 is used to convert into DD.
DD = D + M/60 + S/3600

(1)

where DD, D, M, and S are the decimal degree, degree, minutes and seconds, respectively. This equation
is substituted in two spreadsheet columns by using a Visual Basic for Applications (VBA) function code to
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convert the latitude and longitude values into DD. For each street, the first street light pole is used as the
starting point for distance calculation. The distance amongst street lights is assumed to be nearly the same.
The potential problem can be detected using an algorithm based on the distance values. The starting point for
distance calculation is obtained from the spreadsheet record. For each road, depending on street light type, the
first street light is used as a starting point. Then, the distance of street lights is calculated sequentially. The
starting points are marked in the Google Maps, as presented in Figure 2. The distance between two street light
GPS coordinates is calculated using the haversine formula (Equation 2), which considers the Earth’s radius in
calculation.
√
−1

d = 2R sin

(
2

sin

θ2 − θ1
2

)

(
2

+ cos θ1 cos θ2 sin

ψ2 − ψ1
2

)
(2)

where d is the distance between two points with longitude and latitude ( ψ , θ ), and R is the Earth’s
radius (6371 km). The algorithm for the haversine method is implemented using the VBA function code. The
function reads the latitude and longitude from the two GPS coordinates in DDs and applies the haversine
formula to calculate the distance. It is then converted to meters.

Figure 2. UNITEN street light topology with starting points for GPS inaccuracy detection algorithm.

3.3. Detection algorithm
To detect imprecise GPS reading positioning of street lights, the distance amongst street lights is calculated by
comparing the distance values amongst street lights of the same type at a particular road. In this algorithm,
given that the distance between the current and reference street lights is d , the distance between the next and
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reference street lights should be 2d. The current street light is considered extremely close to the previous street
light if the distance is lower than the threshold value dc and is considered extremely far from the reference street
light if it is more than df . The values of dc and df depend on how much error can be tolerated. In this work,
if the accepted error equals to d/2, then the value of dc equals to 1/2d and df equals to 3/2d. The challenge
here is to find the value of d because it differs depending on local authorities’ guideline. A technical guideline
by Majlis Perbandaran Sepang for public lighting in revision 2018 stated that the distance amongst street lights
must not be more than 35 m, which indicates that it can be lower2 . The street light distances also depend on
the location and type of the street light to be installed. With reference to the municipal guideline, the value of
d is unfeasible because the street lights in certain areas may not follow the latest published guideline.
The experiment for this work is conducted in Universiti Tenaga Nasion (UNITEN). UNITEN was
established in 1995, and the second phase was in 2004. The street lights installed around the second phase
(involving PU) are expected to disregard the previous street light specification. In case of upgrading normal
street lights to GPS-enabled SSLs, using the same pole instead of erecting a new pole, which will incur higher
cost and longer installation time, is more practical. This condition will cause the installation of street lights
differ from the latest guideline. To find d, a common approximate value amongst the calculated distances for
a specific pole type can be calculated using a statistic mode function. This function is chosen because it can
detect the data with the highest frequency. The mode function is chosen instead of using mean or average
function because in a real street light implementation, cases in which the distance error will be remarkably
high and affect the mean function’s result will occur. For finding d for the detection algorithm, the dataset
needs to be properly curated on the basis of the height of street light pole and the expected timeline when
the installation work will be completed. The dataset is presented in Table 1. For a proof of concept for this
work, the thresholds of dc and df are set to 1/2d and 3/2d , respectively, because differentiating amongst
street light locations is adequate. In real implementation, the value will be determined by a municipal or utility
company. An algorithm to compare the distance of each street light against threshold value is implemented in
a subfunction to compare the result of the calculated distance with the threshold value. The subfunction reads
every value of distance column and compares it with the threshold value. The output will be ‘extremely closed’
or ‘extremely far,’ which is displayed on a message box. The testing is executed again with a stricter threshold
value.

Table 1. Dataset for mode calculation.

No
1

2

3

Dataset
Low Pole •Jalan Murni (JML)
•Jalan Wawasan (JWL)
•Persiaran Madani (PML)
High Pole •Jalan Wawasan (JWH)
•Persiaran Cendekiawan (PCH)
•Persiaran Madani (PMH)
High Pole •Persiaran Universiti (PU)

Pole Colour
•
•
•
•
•
•
•

Remarks
Low Pole street light installed around
year 1995
High Pole street light installed around
year 1995
High Pole street light around new phase
which was installed around 2004

2 MPS (2018). Garis panduan teknikal lampu awam [online]. Website http://www.mpsepang.gov.my/muat-turun-borang [accessed 22 July 2019].
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3.4. Swapping detection algorithm
The swapping detection algorithm is to check whether cases in which the GPS reading for a pole is swapped
for that for other poles occur. In case of a real GPS-enabled street light implementation, this situation may
happen when the controller for a specific street light is mistakenly installed at another light pole and vice versa.
Given street lights in a straight line, the distance of the reference street light to the second street light D2 is d
m, that of the third street light to the first street light D3 is supposed to be 2d m, and k -th street light Dk is
(k − 1)d m. However, this case is not always applicable due to an error in GPS coordinate that will accumulate
until k -th street light. An accurate method is to compare on the basis of the distance from the reference point,
that is,
D2 < D3 < D4 < D5 < ......... < Dk

(3)

where D is the distance from the current street light to the reference street light, and k is the last street
light at a particular dataset. On the basis of Equation 3, as the sequence number of street lights increases,
the distance increases, then the gradient should be positive. When one of the street lights is swapped, evident
changes in distance and gradient will occur. The swapping of street light location can be detected visually
from the graph of distance versus street light sequence by detecting the changes in the gradient from positive
gradient to negative gradient. For the case with a sequence of street lights on a curved shape or roundabout
road, in which the distance towards the reference point first increases and then decreases, the swapping can
be detected but with limitation to only a small amount of error. To test the swapping detection algorithm,
a selected series of street lights that build an approximately straight line is chosen. A few data on location
information are swapped manually to simulate any swapped installation at a particular road. The selected set
of street light data includes JWL31–JW39, JWH01–JWH14 and PUH06–PUH28, where the reference point is
at JWL31. Another set of data is at PC from PCH01–PCH21. Whilst this function can help in finding swapped
street light coordinates, the algorithm does not intend to suggest correcting coordinates automatically. The
automatic correction can be accomplished by sorting or manually swapping the coordinates.
3.5. Out-of-area algorithm
The out-of-area detection algorithm is based on the solving point in the PIP problem. It is a common problem
in detecting whether a point is inside or outside of a polygon. The VBA code function for PIP is based on
the ray-tracing method3 . A ray is shot from the test point along an axis, either x or y axis, and the number
of crossings is computed for an even–odd test [25]. If the crossing number is odd, then the point is inside the
polygon; else, it is outside. Figure 3 (a) shows cases of PIP. Points A and B are for odd conditions, in which the
lines cross the polygon lines 1 and 3 times, respectively. Points C and D are the even conditions, in which they
cross 2 and 4 times, respectively. To simulate the out-of-area condition, a polygon covering the area is drawn in
Google Maps, and the point coordinates are recorded. In real implementation, the polygon can be determined
during the planning stage before the installation work starts. Figure 3 (b) shows the polygon covering the area.
The coordinates are defined, and the PIP function code is executed for all street lights inside the polygon area.
For the proof of concept, three street light coordinates are placed outside of the polygon, and the PIP function
code is re-executed to validate the concept.
3 Rick
Rothstein (2013).
Test whether a point is in a polygon or not [online].
http://www.excelfox.com/forum/26showthread.php/1579-Test-Whether-A-Point-Is-In-A-Polygon-Or-Not [accessed
2019].
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(a) PIP crossing detection concept

(b) polygon covering the studied area

Figure 3. PIP concept.

4. RESULTS AND DISCUSSION
4.1. Survey data
The validation of the survey is performed by further zooming into the Google Maps to check the accuracies of
the readings visually. GSV is used to look at the street-level view of particular locations. Figure 4 (a) shows
that the street light is located on the road instead of on the road divider, which illustrates the reading errors.
However, this issue occurs at the street level and is thus not a main concern provided that the maintenance
team can locate the street light, which is considerably close to the location. In Figure 4 (b), an evident variation
in distance amongst street lights is observed. If the distance is extremely close, identifying which street light
is having a problem is diﬀicult for the maintenance team. In Figure 4 (c), no obvious distance variation exists
amongst street lights. This finding is logical because the GPS accuracy depends on the surrounding area. From
the maps, variable distances are not due to error alone but can also be due to road topology, such as a street
light near a junction or roundabout.
4.2. GPS inaccuracy detection
For inaccuracy detection, the value of expected distance amongst street lights is firstly determined to find
the maximum and minimum threshold values. Then, a code is used to compare the calculated distance and
threshold value. The distance calculation results from the haversine method are presented in Figure 5 for each
dataset in Table 1. The distances vary. The value d obtained from the mode function is shown in Table 2 with
threshold values dc and df . The value of the distance with the highest frequency differs amongst the three
datasets, which is expected. This condition is due to that the distance amongst street lights depends on the
height of street lights and on when the street light pole was erected. Values dc and df are used as inputs to
the system, and the answer is shown in Figure 6 (a). The algorithm is able to detect whether a street light
is located further or closer against the previous street light. The operator at the control centre can further
check the street light with Google Maps to ensure that no inaccuracies exist and whether the distance is caused
853
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Figure 4. Survey validation using Google Maps with: (a)&(d) street lights on divider are marked on the road; (b)&(e)
variation of distance between street lights; and (c)&(f) street light topology with unobvious distance variation.

by street topology or error. This feature eliminates the cumbersome manual method of checking the distance
one by one or segment by segment by using maps, especially for a large-scale installation work. The result is
different if the threshold value is changed to yield stricter or better accuracy. For example, the accuracy of the
GPS location should be not be more 3 m from the actual position. dc is d − 3, and df = d + 3 . Then, a more
inaccurate result is expected. A rapid test for Dataset 1 shows the error, as in Figure 6 (b).
Table 2. Most occurrence distance and corresponding threshold values.

No
1
2
3

Dataset
Low Pole (JML, JWL and PML)
High Pole (JWH, PCH and PMH)
High Pole new phase (PU)

d(meter)
22
46
33

dc=d/2
11
23
16.5

df=3d/2
33
69
49.5

4.3. Swapped coordinate
For the simulation of swapped coordinates, as depicted in Figure 7 (a) Positive gradients exist for the distance
to the reference point, although a variation in distance exists between the street lights before 15th and after 16th
pole sequences. At the 15th and 16th poles, the two adjacent street lights are swapped, leading the gradient of
854
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Figure 5. Distance between street lights: high pole JW, PC and PM; high pole PU; and low pole JM, JW, and PM

(a)

(b)

Figure 6. The result from the detection algorithm. (a) given for accuracy of 1/2d meter; (b) inaccuracies for dataset
1 given 3 meter accuracy from current street light pole.

the street lights and reference point graph to be negative. In the no-swapping condition, the distance for street
light JWH08 is more than that for JWH07, which results in a positive gradient. However, after swapping, given
that the distance for street light JHW08 is shorter than that for JWH07, the gradient becomes negative. From
the graph, the operator at the control centre can rapidly detect the swapping without zooming the map. For
two-point swapping, the error is relatively easy to detect. The case in which more than two points swap, such
as the three-way swapping in Figure 7. (c) is not as obvious as the two-point swapping in Figure 7 (b) The
real location can be easily identified by simply drawing a horizontal line at the outliers. In case the swapping
happens with the street light that is located further from the original location, the inventories or controllers
of the two street lights are evidently swapped during installation. A sharp increase and a sharp decrease exist
in the linear graph, which can be easily observed by the control centre. The location identification can be
further supported by the distance value. For the case of random swapping, which is unlikely to happen during
the installation work, at first sight, no clear pattern occurs; the original location can be determined visually
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by providing a number starting from the lowest value. To illustrate this issue, a point starting from 1 to 7 is
shown in Figure 7 (d). A sorting algorithm can be implemented to sort the distance from lowest to highest to
automate the process of finding the correct sequence automatically. In case of a nonlinear street light topology,
the following result tested on a half circle shows that swapping can still be detected but with limited capability
(Figure 8 (a)). Detecting the swapping of two street lights is still obvious in this case. Regardless, the problem
could be harder to identify if swapping of numerous wrong poles occurs, as in Figure 8 (b). This problem can be
identified by plotting a graph of the road, but the work to plot a graph for every road is impractical. In practical
point of view, during installation and commissioning works, if much errors occur, then the most practical way
is sending a technician to conduct a site survey again.

(a) swapping with neighbour

(b) swapping with far nodes

(c) three way swapping

(d) random swapping

Figure 7. Distance between street light and street light to reference point.

4.4. In and out of area
In this experiment, the polygon coordinates are firstly determined and recorded to be used for the input in the
PIP function code. The number of polygon line crossings is calculated with the PIP function code to return
the number of crossings. For the case in which all coordinates are inside the polygon, the number of crossings
shows the value of 1 crossing, which is odd crossing, indicating that that a particular coordinate is inside the
confined area. For the case of outside area, three street light coordinates are purposely placed outside of the
polygon as a proof of concept. The three street lights are JML08, JWH12 and JWL11, whose coordinates are
changed to (2.9693, 101.7244), (2.9716, 101.73512) and (2.97846, 101.72916), respectively, as demonstrated in
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(a) two poles swapping

(b) unclear detection for random swapping

Figure 8. Swapping between street light for curved road.

Figure 9. The result shows that only the three street lights present even crossing values (0 and 2), indicating
that the street lights are out of area.

Figure 9. Three streetlight outside area.

5. Conclusıon
This paper presents three algorithms to detect SSL placement accuracy by using available GPS coordinates
via distance analysis and PIP method. The objective of this study is to address the issue of inaccurate GPS
coordinates, which is known globally. The proposed algorithms offer rapid verification of the said issue, which
will benefit municipal councils and utilities in diminishing errors during bulk installation and commissioning
of GPS-enabled SSLs. The algorithms detect the street light GPS inaccuracy and swapping of street light
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controllers and check the out-of-area condition. A survey is conducted to collect street light data, and validation
is performed by comparing the plotted topology with the street view function of Google Maps. This step is
to imitate the inaccuracies in actual GPS. The correct location of the street lights is compared visually with
the survey data, and the results show that GPS reading provides enhanced accuracy in open areas. The GPS
inaccuracy detection algorithm successfully identifies whether a street light is located extremely far or closed to
the previous street light. The street light swapping detection algorithm is proven to be able to identify swapping
error. For the case of out of area, the results show that the PIP method successfully identifies whether a street
light is inside or outside of the area. The accuracy of the algorithm for the tested database is 100%. In case of
inaccuracy in street light pole detection, it can be identified using the algorithm and will be prompted in the
system.
Whilst the intention of this work is to solve the problems in GPS-SSL installation and has been successfully
achieved, the presented algorithms can be further improved for better detection. For the swapping analysis, an
algorithm to compare the gradients for three consecutive street lights can be developed to check the swapped
street lights automatically. This condition will eliminate the need for referring to a graph. For out of area,
various techniques can be explored to ensure flexible area selection. Examples are the use of multiple circles and
further segmentation of an area to a simpler shape, such as square or triangle. Another way is to explore the
automatic generation of polygon point on the basis of the given area. The use of other programming languages
can also be considered for user friendliness. To test the robustness of the method, this algorithm will be tested
using other database at new sites.
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